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509 30 Bk Y o asie Job b Gubiie abe Y il (el Siang gy 50 5l 9550 glaesls g pslaez sl
V6olopss g g0 Sl ¥ e sl Guizmen ol 03ls S5 (g)lo 058 (Vb 4 (6,50 5 5ilopssS Sl (S
)5 SOE e Slaie s 0 Gl Uy by o Slatie 5 iy alflar jsbay 08 abis
@bedy) S Sl g il glaanls sl 5l 6T slr 6l Cosl JBU (VL ad s> oS BT Cel s
pod amaal wily poat 3550 53 Loy ofpm a5 55k (st ¥ IV alols 5l 05 aiedom Hli L )5 (sl
Qgly ;i 9 093 Glws 03 Vb b G 9 W35z ofgw 90 4 JlS 550 STyl ek BB (e g 00
Sl A 5 ATV Glagiagg 5 51,85 g, (et 1aome 33la (e o L 4230 FO 390 4l o5 (559b 90
ooty 5 glie diadign a6 Y 5l eolital b o lS Y dawg Sllas ol b L 530 5 (61,2055 3l i 5
1y 8,5 plosl ot a5 gan ¥ S 5 gl yo )15 425 5 e soline 4 92 (595 2 SRS 5 i

5 6,135, Adobe premiere pro ljsle 5 o oo lavs whd (sl S Pag g, 5l Jels slasols ybsls



YAA \\‘-Y;,L—.,.iur;Jw‘ﬁm,\i?‘fxywu;@;%;.;

] s 545 05 BT Sy VAT X1 A+ 292 b 510G g b et <18 (ol 3 L oL 51 Lo gl
30 5 5 JosT 3l sam ¥ St s sl i 4 bt Sligron 5 Sk glo S B+ YA slas
St ok 4l 3 03 Ve 2 g b gl BB oS s g b ol S L
5 Ol pglad (03Rlr 5o gy onl Cebl Sla 355 a5 g uSe YOA: S 650 sl 9 YAV: (5 b o8
oslitul 9,50 slam B ggog g Sl Al oo daome Slawe Sl n a4y 53 (e S S HE ) g CodS o
S 5 2l gom ¥ Jos CokS oSl yie abaii l odine LS5 bl sl peians 50 e el sl
Sl isla g oles

oo @ sln (se) S alali 90 5ls S adgs oS g ST te il alals pl e3Y slabilo 5l am aelsl o
35 ool Jao obie JiS sl By obiie alos 50 5l g solinul adly oo b (STt alali 4l 0.8
sl Jaa 3 5 i3 aden T 5 OV yslie 5 (6, oSoilal sagh, el oyt olie a3 oy o
ods ddgi Jow sl yie due ¥ g ¥ oogas jo s snmslis cud i a4 as ael Cawsdy JrOIp W RYAIPWAL RN
e g 5 e 8 L s fs,0995 515 e g b 5 5 58,0057 sl ) et w2l on S g 5
Ol Jds ol il iz blpd og GlaSs @ azg b ad S elul e e Lo Y L (sl pogS 6V
Jodo =Y wigh e 0030 ol o o uliie dle a5 SlauSe sloss jo Sglas - w)ls 043y 055 5l ale Uas
099 OSeals -1 el ol 28 28l (nl o o B alols (al8l ol pen (A (90 kST 090 0l
ol 0als ools yisles (F) JSKo 50 1515 18 g oS T adaii ol 51 ol ol L Jow juliyo o o

al> o ol sols o5l eas ades blas 4 Mesh G lal Civil 3D s abais ol Jlg318 Sl poe 4y azg5 b
03,5 DEM ags iy pladl s 5 00,5 plnil o)ls bl b 1 Lkl (e a5 o S (b9 5 ool b
02> oS 55 gy 3l eolaul b aslsl jo g ol azs )5 Civil 3D s Jlg38 sl XML s b (>9,5 o 5l g
azgi b plox>! O] Cawdas b uSe 40,5 o)y 5l ot S s 5 acwlre ailflax jsbas (6,18 045 § S 400
Voo SB g0 Glp g aids ¥PO (g )lo 065 sl gom ¥ Joe adsi Jolie aldS o 2Slae coteS bl &
el Jobo a4y addo



o Sllas e a6l gl S s B 2L

via

(@)
S35 5 23 05150 alals pl gl () «533 7995 5 920 50l alai pl pglas () ¥ JSCs
Fig. 4. (a) non-dense point cloud of soil mass and excavation, (b) dense point cloud of soil mass and excavation
oS ol a5 s awlie lue g (a8ly Hlode laieas il B3 b odw] Cavods S g0 e Ll (o
S8 4y ploxal daloe 5 Sl sl oud Bpo oy Gizen 5 (1) 5 (V) Jgur ) (b9, ¥ 2 5l ol plxa|

el 00 00ls ioled (V) Jgoo 10 (6 pa duslio sl g

(5,9 2365) S SilSa olKitalo;l 10 o0 dlons ploxal g il JBg5 b (6,10 pains (5 ol S gsng 51 ol =l Jyoe

Table 1. The results of videogrammetry, the Total Station surveying, and calculated volumes in the soil mechanics

laboratory (excavation)
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Table 2. The results of videogrammetry, the Total Station surveying and volumes calculated in the soil mechanics
laboratory (Soil mass)
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Abstract

Calculating the volume of earthworks in mines is one of the challenging, costly, and time-
consuming issues in the field. In mining projects, it is necessary to calculate the volume of
excavation to estimate the volume of extraction in order to plan the sale of the produced
products and to calculate the cost performance of the contractors. The calculation of
excavation volumes presents many challenges, such as the selection of the best
measurement tool and technique, the need to adjust maps produced in different time
periods, the existence of inflation coefficients and the volume to weight conversion factor.
Today, tools such as laser scanners, total stations and metric cameras are used to calculate
earthwork volumes. However, they are expensive to use and require an experienced
operator. Therefore, there is a need to investigate methods to calculate volumes in less time
with acceptable accuracy. This research evaluated the use of smartphones for optimal
volume estimation of earthworks. In this research, the image data obtained from the
smartphone was processed with a technique based on structure from motion (SFM) and the
results were used to create a digital terrain model to estimate the volume of earthworks. The
calculated volume differences for the earthworks volume compared to ground methods for
a soil mass and the studied excavation are 3.86% and 1.84% respectively, which shows that
the method used in this research has the necessary accuracy to calculate earthworks
volumes and considering the many advantages it has over traditional methods in terms of
cost and time, it can replace them.

Keywords: Close Range Photogrammetry, Smartphone, Videogrammetry, Structure from

Motion, Earthwork Volume.

Introduction
Choosing the best observation method for calculatingthe volume of earthworks in terms of
accuracy, time and cost is a challenge the appropriate answer to which will depend on the
conditions of the region in terms of access, topography, vegetation, residential context and
extent of the region. Therefore, none of the techniques has absolute superiority over the other,
and depending on the project conditions, one should try to choose the most optimal method.
Among the most important factors affecting the accuracy of the calculated final volumes are the
relative accuracy of determining the position of the sampling points (X, Y, Z), the density and
distribution of the points. The higher the accuracy of the observations, the higher the reliability
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and accuracy of the subsequent processing. Nest is the density and distribution of the sampling
points, which directly affects the conformity of the final three-dimensional surface with reality
(Raevaa et al., 2016). The denser and more suitable the points are, especially in areas with
extreme topography, the closer the 3D model will be to reality. In the upcoming research, the
accuracy of calculating the volume of earthworks using smartphones will be investigated and
evaluated in comparison with existing traditional methods. Unlike other methods, this method
does not require the use of expensive geodesy and photogrammetry equipment, and the device
used is a mobile phone in the data collection phase.

Materials and Methods
In the upcoming research, the volume of earthworks has been calculated using two
videogrammetric methods and conventional ground operations. In the ground-based method, a
total station is used to collect the required data. For videogrammetric data collection, a scale bar
with known dimensions was used to solve the scale problem and the camera capabilities of
mobile phones were used for filming. After filming, suitable images were extracted. After this
step, the images were processed and the desired surfaces were reconstructed. This was done
using digital photogrammetry tools. This involves extracting accurate and reliable location
information from landscapes, features and objects using pairs of digital images and automatic
matching. Next, the volume of data was calculated based on the DEM model. Finally, to
validate the results, it was checked and evaluated with the volume obtained from the direct
ground method.
Results and Discussion

In order toevaluate the results, the specific weight of the deposited soil resulting from the
laboratory excavation was determined to be 1650 kg per cubic meter. Based on this specific
weight, the actual volume of the soil mass was calculated to be 3.35 m®. In the land surveying
method, the surface was adjusted to the depot and the pit, and the combined method was used to
calculate the volume of the earthworkbetween the two levels. In the videogrammetry method,
two operators filmed the pit and the stockpile with a smartphone camera, and the frames were
extracted from the video at a frequency of 0.5 seconds. Two control points (distance between
points) were used to solve the scale problem of the dense point cloud, and two-scale bars were
used to control the scale of the model. The actual length of the two scale bars was measured
using a digital caliper and the values of 0.517 and 0.401 cm were read. In the produced model,
0.520 and 0.405 cm were obtained, which indicates an accuracy of about 3-4 mm for the model
produced from the soil mass. The same process was repeated for the pit and the rod inside the
pit was measured with an error of 6 mm and the rod at the top edge of the pit was measured with
an error of 2 mm. Considering the same conditions, there are several possibilities for the reason
of the increase of the error of the bar inside the pit: 1- Difference in the number of photos in
which the scale bars are visible 2- Low quality of the camera 3- Lack of homogeneous accuracy
throughout the model. The volume of the pit was calculated to be 32.66 square metres by total
station and 32.056 square metres by videogrammetry, a difference of 0.604 square metres. For
the soil deposit, the volume obtained from total station is 3.10 square metres, which is 0.19
square metres less than the soil volume obtained from the laboratory. Similarly, the volume of
soil obtained from videogrammetry is 3.21 square meters for the first operator and 3.23 square
meters for the second operator, which is less than the volume of soil from the laboratory for the
first operator and the second operator by 0.14 and 0.12 square meters respectively.
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Conclusions

In this study, carried out on a soil mass and a pit, in order to evaluate the accuracy of the
proposed method, the volume of the soil mass calculated in the soil mechanics laboratory was
considered as the real value and the results obtained by the videogrammetry method and by land
surveying based on it were evaluated. The analyses carried out show that the models of soil
mass obtained with different cameras and by independent users are almost similar and that the
small difference between the volume obtained and the number of points of the models is mainly
due to the number and resolution of the images used. The difference between the
videogrammetric method and the laboratory estimation and land survey for the soil mass and the
pit indicates that the results of the methods are close to each other. In this research, two control
points were defined and used to scale the model, and two numerical scale bars were used to
control the scale and its homogeneity throughout the model. Considering the difference of 2-3
mm between the actual length and the measured length of the scale bar, it can be said that the
model has a homogeneous scale. However, it is necessary to carry out experiments using a
network of points scattered throughout the model with a known position to control the scale in
vertical and horizontal modes.



